































7KHUHIRUH ZH KDYH LQDFWLYDWHG WKHKlk7 JHQH LQ DGLSRVH WLVVXH XVLQJ FRQGLWLRQDO JHQH WDUJHWLQJ
VWUDWHJLHVLQPLFHKlk7GHILFLHQWPLFH$7Klk7-/-H[KLELWHGOHVVZHLJKWJDLQSUHGRPLQDQWH[SDQVLRQ
RIVXEFXWDQHRXVDGLSRVH WLVVXHDQG LPSURYHGZKROHERG\ LQVXOLQVHQVLWLYLW\XQGHUDKLJK IDWGLHW
+)'$7Klk7-/-PLFHGLVSOD\HGKLJKHUHQHUJ\H[SHQGLWXUHDQGIRRGLQWDNHPRVWOLNHO\GXHWRDOWHUHG
DGLSRNLQH VHFUHWLRQ LQFOXGLQJ ORZHU FLUFXODWLQJ OHSWLQ3URLQIODPPDWRU\ F\WRNLQHH[SUHVVLRQZDV
VLJQLILFDQWO\UHGXFHGLQFRPELQDWLRQZLWKDQ LQFUHDVHGSHUFHQWDJHRIDOWHUQDWLYHO\DFWLYDWHGDQWL











$ SULPDU\ ULVN IDFWRU DVVRFLDWHG ZLWK REHVLW\ LV DGLSRVH WLVVXH $7 G\VIXQFWLRQ ZKLFK LV
FKDUDFWHUL]HGE\H[WHQVLYHYLVFHUDODQGHFWRSLFIDWDFFXPXODWLRQDGLSRF\WHK\SHUWURSK\DFKURQLF
ORZJUDGH$7 LQIODPPDWLRQZLWK LQFUHDVHG QXPEHUV RI LQILOWUDWLQJ$7PDFURSKDJHV $70 DQG







7KH DGLSRNLQHYLVFHUDO$7 VHULQHSURWHDVH LQKLELWRU YDVSLQKDVEHHQ VKRZQ WR LPSURYHJOXFRVH
PHWDEROLVPLQVXOLQVHQVLWLYLW\DQGUHGXFHVIRRGLQWDNHXSRQDGPLQLVWUDWLRQLQSKDUPDFRORJLFDOGRVHV






VR IDU DQG PD\ WKHUHIRUH PHGLDWH YDVSLQV HIIHFWV LQ $7 >@ ./. XQLSURW DFFHVVLRQ QXPEHU









DQGPHWDO LRQVILQHWXQH WLVVXHVSHFLILF./.DFWLYLW\UHYLHZHG LQ >@$V./.SURWHDVHVH[HUW
YDULRXVLPSRUWDQWUHJXODWRU\IXQFWLRQVWKH\DUHSURPLVLQJWDUJHWVLQSRWHQWLDOWKHUDSLHVRIVHYHUDO
GLVHDVHV LQFOXGLQJ UHVSLUDWRU\GLVHDVHVQHXURGHJHQHUDWLRQ VNLQEDUULHUG\VIXQFWLRQ LQIODPPDWLRQ
DQGFDQFHUUHYLHZHGLQ>@
./.ZDVILUVWLGHQWLILHGDVDSURWHDVHLQYROYHGLQWKHGHVTXDPDWLRQSURFHVVLQWKHRXWHUPRVWOD\HU























7KH LQDFWLYDWLRQRI WKHKlk7JHQH LQDGLSRVH WLVVXH.2$7Klk7ZDVREWDLQHGYLD WKH&UHOR[
V\VWHPIRUFRQGLWLRQDOJHQHWDUJHWLQJVWUDWHJLHVXVLQJDQLPDOVZLWKFRQGLWLRQDOIOR[HG.ONKlk7-/-
E\7DFRQLF&RORJQH*HUPDQ\DQGDGLSRVHWLVVXHVSHFLILFH[SUHVVLRQRI&UHUHFRPELQDVHXQGHUWKH
IDWW\ DFLG ELQGLQJ SURWHLQ  )DES SURPRWHU Fabp4-Cre+_Klk7-/- ,Q $7 &UHUHFRPELQDVH








ZHUH XVHG .ON OR[3 VLWHV ***$7*7$**$77$7*$*7*$*& IRUZDUG DQG 























,VRIOXUDQ %D[WHU 8QWHUVFKOHLKHLP *HUPDQ\ /LYHU KHDUW EUDLQ SDQFUHDV PXVFOH NLGQH\
VSOHHQ HSLJRQDGDO HSL VXEFXWDQHRXV VF $7 ZHUH LPPHGLDWHO\ UHPRYHG $7 DQG OLYHU ZHUH
ZHLJKHGDQGUHODWLYHRUJDQZHLJKWVFDOFXODWHGLQUHODWLRQWRERG\ZHLJKWV)DVWHGEORRGJOXFRVHOHYHOV






FKHPHULQ 0RXVH &KHPHULQ 4XDQWLNLQH (/,6$ 5	' 6\VWHPV0LQQHDSROLV 86$ DGLSRQHFWLQ
0RXVH$GLSRQHFWLQ(/,6$$GLSR*HQ6DQ'LHJR86$DQG0&30RXVHUDW&&/-(0&3
4XDQWLNLQH(/,6$5	'6\VWHPV0LQQHDSROLV86$OHYHOVZHUHGHWHFWHGE\(/,6$DFFRUGLQJWR









SULPDU\ DGLSRF\WHVZDV LVRODWHG XVLQJ ,QYL7UDS6SLQ7LVVXH51$0LQL.LW 6WUDWHF%LRPHGLFDO
%LUNHQIHOG *HUPDQ\ DV VSHFLILHG E\ WKH PDQXIDFWXUHU P51$ H[SUHVVLRQ RI JHQHV OLVWHG LQ
6XSSOHPHQWDU\ 7DEOH  ZDV GHWHUPLQHG DQG TXDQWLILFDWLRQ RI VSHFLILF P51$ H[SUHVVLRQ ZDV
FDOFXODWHGUHODWLYHWR36B4XVLQJWKHǻǻ&7PHWKRG

$GLSRF\WH LVRODWLRQ DGLSRF\WH GLVWULEXWLRQ KLVWRORJ\ RI $7 DQG IORZ F\WRPHWU\ RI $7
PDFURSKDJHV







)RU SULPDU\ DGLSRF\WH FXOWXUHV 69) IURP HSLJRQDGDO VXEFXWDQHRXV DQG LQWUDVFDSXODU EURZQ IDW








EXIIHU IRU PLQ$IWHU FHQWULIXJDWLRQ FHOOVZHUH VXVSHQGHG LQaPO FXOWXUHPHGLXP '0(0




GLIIHUHQWLDWLRQ FRFNWDLO FXOWXUH PHGLXP VXSSOHPHQWHG ZLWK  Q0 LQVXOLQ  Q0 7  0
URVLJOLWD]RQHDQGJPOGH[DPHWKDVRQHIRUWZRGD\VIROORZHGE\URVLJOLWD]RQHDQGLQVXOLQIURP



































&SHSWLGH VHUXP FRQFHQWUDWLRQV 7DEOH  7RJHWKHU WKHVH REVHUYDWLRQV LQGLFDWH WKDW ./.


















LQ $7Klk7 FRPSDUHG WR FRQWURO PLFH DIWHU +)' 7DEOH  +RZHYHU DGLSRQHFWLQ VHUXP









& $OWKRXJK XQGHU +)'IHG FRQGLWLRQV JOXFRVH WROHUDQFH GHWHULRUDWHG LQ D SDUDOOHO IDVKLRQ LQ
$7Klk7 DQG FRQWURO PLFH )LJ $ $7Klk7PLFH UHPDLQHG LQVXOLQ VHQVLWLYH DV LQGLFDWHG E\
LQVXOLQWROHUDQFHWHVWV)LJ%DQGORZHUIDVWHGLQVXOLQDQG&SHSWLGHVHUXPFRQFHQWUDWLRQV)LJ
&'7DEOH6LJQLILFDQWO\KLJKHU&SHSWLGHLQVXOLQUDWLRVLQ$7Klk7PLFHLQGLFDWHGLPSURYHG






















%$7 IURP ERWK FRQWURO DQG$7Klk7 PLFH IHG FKRZGLHW$OO 69) IUDFWLRQV GLIIHUHQWLDWHG LQWR
PDWXUHDGLSRF\WHVDQGGD\VDIWHULQGXFWLRQRIDGLSRJHQHVLVWKHYDVWPDMRULW\RI69)FHOOVIURPVF
$7GLIIHUHQWLDWHGLQWRDGLSRF\WHV)LJXUH$'HQVLW\RIGLIIHUHQWLDWHGSULPDU\DGLSRF\WHVIURPHSL
$7 ZDV OHVV IRU ERWK JHQRW\SHV )LJXUH $ 4XDQWLILFDWLRQ RI LQWUDFHOOXODU OLSLG DFFXPXODWLRQ
UHYHDOHG D KLJKHU OLSLG FRQWHQW LQ WHUPLQDOO\ GLIIHUHQWLDWHG SULPDU\ DGLSRF\WHV IURP HSL $7 RI









+)' LQ DGGLWLRQ WR WKH:$7 GHSRWV +( VWDLQLQJ RI %$7 UHYHDOHG D PDUNHG LQFUHDVH LQ %$7
ZKLWHQLQJLQFRQWUROPLFHFRPSDUHGWR$7Klk7-/-PLFHZLWKVPDOOHUOLSLGGURSOHWVDQGOHVVDGLSRF\WH













Il-6 DQG Mcp-1 ZDV VLJQLILFDQWO\ GHFUHDVHG LQ ERWK $7 GHSRWV $OVR WKH H[SUHVVLRQ RI







H[SUHVVLRQ LQ $7ZDV QRW GLIIHUHQW LQ +)'IHG $7Klk7 PLFH 6XSSOHPHQWDU\ )LJ  P51$
H[SUHVVLRQRIDQWLLQIODPPDWRU\Il-4ZDVVLJQLILFDQWO\LQFUHDVHGLQHSL$7RI$7Klk7FRPSDUHGWR
FRQWUROPLFHZKHUHDVQRVLJQLILFDQWGLIIHUHQFHVEHWZHHQJHQRW\SHVZHUHIRXQGIRUIl-10H[SUHVVLRQ
)LJ % ,Q OLQH ZLWK WKHVH ILQGLQJV ZH DOVR IRXQG DOO SURLQIODPPDWRU\ JHQH VLJQLILFDQWO\






EHWZHHQ FRQWURO DQG $7Klk7 PLFH )LJ ( +RZHYHU ZKLOH WKH SHUFHQWDJH RI 0 SUR





















LQ VF $7 LQGLFDWLQJ DOWHUHG OLSLG GLVWULEXWLRQ LQWR WKH DGLSRVH GHSRWV 8QOLNH LQ YDVSLQ WJ PLFH
DGLSRF\WH VL]H LQ WKH HSL$7GHSRWZDV QRW DIIHFWHG E\Klk7 GHILFLHQF\ XQGHU ERWK GLHWV EXW VF





$OVR .OI DQ DFWLYDWRU RI HDUO\ DGLSRJHQHVLV LQLWLDWLQJ WUDQVFULSWLRQ IDFWRU &(%3ȕ ZDV
GRZQUHJXODWHGLQVF$7IXUWKHUVXJJHVWLQJWKDWKLJKHUH[SDQGDELOLW\RIVF$7LQ$7Klk7-/- PLFHLV





FKRZ GLHW UHYHDOHG RQO\ PLQRU GLIIHUHQFHV EHWZHHQ WKH JHQRW\SHV ,Q OLQH ZLWK WKH VPDOOHU
VXEFXWDQHRXVDGLSRF\WHVREVHUYHGin vivoXQGHUFKRZGLHWZHDOVRIRXQGVLJQLILFDQWO\ORZHUOLSLG
DFFXPXODWLRQ LQ SULPDU\ VF DGLSRF\WHV ,Q FRQWUDVWZKLOHZHREVHUYHG LQFUHDVHG OLSLG FRQWHQW LQ
SULPDU\DGLSRF\WHVIRUPHSL$7RI$7Klk7-/-PLFHin vitro, WKHVL]HRIHSLJRQDGDODGLSRF\WHVXQGHU
FKRZ GLHW ZHUH QRW GLIIHUHQW LQ ERWK JHQRW\SHV in vivo. ,Q FRQFOXVLRQ ./. GRHV QRW VHHP WR
VLJQLILFDQWO\ DIIHFW GLIIHUHQWLDWLRQ XQGHU FKRZ FRQGLWLRQV ,Q OLQH ZLWK WKHVH ILQGLQJV ZH KDYH
UHFHQWO\VKRZQWKDWWKH./.LQKLELWRUYDVSLQGRHVQRWDIIHFWGLIIHUHQWLDWLRQLQWKHDGLSRF\WHPRGHO
7/ QHLWKHUZKHQ DGGHG WR WKH FHOO FXOWXUHPHGLXP QRUZKHQ VWDEO\ RYHUH[SUHVVHG >@ ,Q
FRQFOXVLRQ DGGLWLRQDO DQG\HWXQNQRZQ UHJXODWRU\PHFKDQLVPV OLNHO\ FRQWULEXWH WR WKH VZLWFK LQ
DGLSRVHWLVVXHGLVWULEXWLRQXQGHU+)'LQ$7Klk7-/-PLFH
,QGLUHFWFDORULPHWU\UHYHDOHGLQFUHDVHGR[\JHQFRQVXPSWLRQDQGHQHUJ\H[SHQGLWXUHIRU$7Klk7-/-
PLFH XQGHU +)' 7KLV HIIHFW ZDV LQGHSHQGHQW RI DFWLYLW\ DQG GHVSLWH LQFUHDVHG IRRG LQWDNH
)XUWKHUPRUHDGHFUHDVHG5(5RILQGLFDWHGLPSURYHGIDWW\DFLGR[LGDWLRQDQGEHWWHUDGDSWLRQWR
WKH+)' LQ$7Klk7-/-PLFH/RZHU OHSWLQ OHYHOV LQ$7Klk7PLFHPD\FRQWULEXWH WRERWKKLJKHU
LQWULQVLFHQHUJ\H[SHQGLWXUHDQGKLJKHUIRRGLQWDNH$OVRDFWLYDWLRQRI%$7DQGRUEURZQLQJRIVF
$7PD\ FRQWULEXWH WR LPSURYHG LQVXOLQ VHQVLWLYLW\ WKH LQFUHDVH LQ HQHUJ\ H[SHQGLWXUH DQG ERG\

ZHLJKW ORVVUcp1 DQGPgc1Į H[SUHVVLRQZHUH XQFKDQJHG LQ%$7 DQG HSL$7 ERWK JHQHVZHUH
LQFUHDVHGLQVF$7RI$7Klk7PLFHXQGHU+)'WKRXJKWKHVHLQFUHDVHVZHUHYHU\LQKRPRJHQHRXV







%$7 DFWLYDWLQJ VWLPXOL RI +)' DQG HVSHFLDOO\ FROGH[SRVXUH >@ 1RWDEO\ ZKLOH LQGLUHFW




















OLWWHUPDWHV ZLWK UHVSHFW WR DGLSRVH WLVVXH LQIODPPDWLRQ ([SUHVVLRQ RI PDMRU SURLQIODPPDWRU\
F\WRNLQHV ZHUH VLJQLILFDQWO\ UHGXFHG LQ HSL DQG VF $7 ,PSRUWDQWO\ DPHOLRUDWLRQ RI ORFDO $7
LQIODPPDWLRQLQ+)'IHG$7Klk7-/-PLFHZDVDOVRUHIOHFWHGE\FKDQJHVLQV\VWHPLFLQIODPPDWLRQ











KDV EHHQ VKRZQ WR EH LQFUHDVHG DIWHU +)' LQ UDW HSL $7 ZKLOH DSSOLFDWLRQ RU WUDQVJHQLF
RYHUH[SUHVVLRQRIYDVSLQLQ$7LPSURYHG+)'LQGXFHGH[SUHVVLRQRISURLQIODPPDWRU\JHQHV>
@+HUHH[SUHVVLRQRIvaspinLVVLJQLILFDQWO\UHGXFHGLQHSL$7RI+)'IHG$7Klk7-/-PLFH7KHVH
UHVXOWVPD\ IXUWKHU UHIOHFWDWWHQXDWHG LQIODPPDWLRQ LQ$7RI$7Klk7-/-PLFHDVGHILFLHQF\RI WKH
SURWHDVHWDUJHWPD\UHQGHULQFUHDVHGRUFRPSHQVDWRU\YDVSLQH[SUHVVLRQUHGXQGDQW
:KLOHSURYLGLQJHYLGHQFHIRUDQRYHODQGSUHYLRXVO\XQUHFRJQL]HGUROHRI./.LQDGLSRVHWLVVXH
DQG REHVLW\ DVVRFLDWHG LQIODPPDWLRQ WKH FOHDU OLPLWDWLRQ RI WKLV VWXG\ LV WKDW WKH SK\VLRORJLFDO
VXEVWUDWHVRI./.LQ$7ZKLFKFRQWULEXWHWRWKHREVHUYHGSKHQRW\SHUHPDLQXQNQRZQ<HWWKHUH



















$ VHFRQG OLPLWDWLRQ RI WKLV VWXG\ OLHV ZLWKLQ WKH FRQGLWLRQDO NQRFNRXW RI .ON XVLQJ WKH &UH
UHFRPELQDVHXQGHUWKH)DESSURPRWHU0XOWLSOHVWXGLHVKDYHVKRZQWKDWWKLVSURPRWHUPD\KDYH
XQVSHFLILFHIIHFWVDOVRLQPDFURSKDJHVDQGDOVRLQWKHEUDLQ>@ZKLFKLVLPSRUWDQWWRQRWHDVWKH
.2PLFH GLVSOD\ D FOHDU SKHQRW\SHZLWK UHVSHFW WR IRRG LQWDNH DQG$7 LQIODPPDWLRQ DQG$70
SRODUL]DWLRQ$OWKRXJKH[SUHVVLRQRI./.LQPDFURSKDJHVKDVQRWEHHQLQYHVWLJDWHGVRIDUXVLQJ
HJ WKH DGLSRQHFWLQ SURPRWHU WR DFKLHYH LQFUHDVHG H[SUHVVLRQ DQG$7 VSHFLILFLW\ FRXOGGHOLQHDWH
SRWHQWLDOHIIHFWVRI.ONGHILFLHQF\LQ$7LQIODPPDWLRQGHULYHGIURP.ONH[SUHVVHGLQ$70
,QVXPPDU\RXUVWXGLHVGHPRQVWUDWHWKDW./.SOD\VDQLPSRUWDQWUROHLQ$7LQIODPPDWLRQLQ+)'
LQGXFHG REHVLW\ DQG LQVXOLQ UHVLVWDQFH 7KH HIIHFWV RI $7 VSHFLILF GLVUXSWLRQ RIKlk7 RQ LQVXOLQ





















.=DQG -7+FRQFHLYHG WKH VWXG\GHVLJQHGDQGFRQGXFWHGH[SHULPHQWV DQDO\]HGGDWDZURWH WKH
SDSHU-:$...DQG0.FRQGXFWHGH[SHULPHQWVDQGDQDO\]HGGDWD0*SHUIRUPHG$7KLVWRORJ\
DQG $7 PDFURSKDJH FKDUDFWHUL]DWLRQ 1. SHUIRUPHG PRXVH H[SHULPHQWV 06 UHYLHZHG WKH













































 /XQGVWURP$ (JHOUXG 7  6WUDWXP FRUQHXP FK\PRWU\SWLF HQ]\PH D SURWHLQDVH ZKLFKPD\ EH





 1\ $ (JHOUXG 7  (SLGHUPDO K\SHUSUROLIHUDWLRQ DQG GHFUHDVHG VNLQ EDUULHU IXQFWLRQ LQ PLFH
RYHUH[SUHVVLQJVWUDWXPFRUQHXPFK\PRWU\SWLFHQ]\PH$FWD'HUP9HQHUHRO
(NKROP((JHOUXG7 6WUDWXPFRUQHXPFK\PRWU\SWLF HQ]\PH LQSVRULDVLV$UFK'HUPDWRO5HV









 +DDVH -:H\HU 8 ,PPLJ . .ORWLQJ 1 %OXKHU0 (LOHUV - %HFKPDQQ , *HULFNH0  /RFDO
SUROLIHUDWLRQRIPDFURSKDJHVLQDGLSRVHWLVVXHGXULQJREHVLW\LQGXFHGLQIODPPDWLRQ'LDEHWRORJLD









 1\ $ (JHOUXG 7  7UDQVJHQLF PLFH RYHUH[SUHVVLQJ D VHULQH SURWHDVH LQ WKH VNLQ HYLGHQFH RI
LQWHUIHURQJDPPDLQGHSHQGHQW0+&,,H[SUHVVLRQE\HSLGHUPDONHUDWLQRF\WHV$FWD'HUP9HQHUHRO
±






















RI LQVXOLQ UHVLVWDQFH LQQRQREHVHSDWLHQWVZLWKQHZRQVHW W\SHGLDEHWHVPHOOLWXV([S&OLQ(QGRFU'LDE
±
6FKXOW]66DDOEDFK$+HLNHU-70HLHU5=HOOPDQQ76LPRQ-&%HFN6LFNLQJHU$*3URWHRO\WLF
DFWLYDWLRQRISURFKHPHULQE\NDOOLNUHLQEUHDNVDQ LRQLF OLQNDJHDQG UHVXOWV LQ&WHUPLQDO UHDUUDQJHPHQW
%LRFKHP-
6HOO+/DXUHQFLNLHQH-7DXEH$(FNDUGW.&UDPHU$+RUULJKV$$UQHU3(FNHO-&KHPHULQ,V

















SRSXODWLRQV HIIHFWRI UHJLRQDO DGLSRVLW\ DQG WKHFRPRUELGLWLHVRIREHVLW\ -&OLQ(QGRFULQRO0HWDE

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,ďϭĐ͕й ϰ͘ϮϲцϬ͘Ϭϴ ϰ͘ϮϵцϬ͘ϭϬ ϰ͘ϱϱцϬ͘Ϭϴ ϰ͘ϳϬцϬ͘Ϭϰ
/ŶƐƵůŝŶ͕ŶŐͬŵů Ϭ͘ϮϰцϬ͘Ϭϱ Ϭ͘ϮϱцϬ͘Ϭϲ ϰ͘ϲϲцϬ͘ϱϭ Ϯ͘ϵϰцϬ͘ϰϯΎ
ͲƉĞƉƚŝĚĞ͕ŶŐͬŵů Ϭ͘ϳϱцϬ͘ϭϯ ϭ͘ϬϵцϬ͘ϭϭ ϯ͘ϰϵцϬ͘ϯϭ Ϯ͘ϳϯцϬ͘Ϯϵ
>ĞƉƚŝŶ͕ђŐͬŵů Ϭ͘ϮϵцϬ͘Ϭϰ Ϭ͘ϯϮцϬ͘Ϭϵ Ϯ͘ϰϯцϬ͘Ϭϵ ϭ͘ϲϲцϬ͘ϮϱΎ
ĚŝƉŽŶĞĐƚŝŶ͕ђŐͬŵů ϲϮ͘Ϯϴцϰ͘ϱϴ ϲϬ͘ϱϳцϯ͘ϲϱ ϰϴ͘ϮϬцϮ͘ϬϮ ϰϳ͘ϯϱцϮ͘Ϭϴ
>ĞƉƚŝŶͬĚŝƉŽŶĞĐƚŝŶƌĂƚŝŽ Ϭ͘ϬϰцϬ͘Ϭϭ Ϭ͘ϬϯцϬ͘Ϭϭ ϭ͘ϯϳцϬ͘ϭϭ Ϭ͘ϴϱцϬ͘ϭϳΎ
ŚĞŵĞƌŝŶ͕ђŐͬŵů Ŷ͘Ě͘ Ŷ͘Ě͘ ϭϵϭ͘ϯϯцϭϰ͘ϭϭ ϭϴϮ͘ϵϰцϵ͘Ϭϵ
&&͕ŵŵŽůͬů ϭ͘ϱϰцϬ͘ϭϮ ϭ͘ϯϯцϬ͘ϭϭ ϭ͘ϱϬцϬ͘ϭϬ ϭ͘ϰϭцϬ͘Ϭϳ
dŽƚĂůŚŽůĞƐƚĞƌŽů͕ŵŵŽůͬů Ϯ͘ϯϯцϬ͘ϭϰ Ϯ͘ϰϳцϬ͘Ϭϲ ϰ͘ϯϱцϬ͘ϱϬ ϰ͘ϲϱцϬ͘Ϯϰ






WKH OR[3IODQNHG .ON DOOHOH EHIRUH DQG DIWHU FURVVLQJ ZLWK WUDQVJHQLF DQLPDOV H[SUHVVLQJ &UH
UHFRPELQDVHXQGHUWKH)DESSURPRWHU7KHWDUJHWLQJYHFWRUFRQVLVWHGRINERIWKHPXULQHKlk7JHQH
FRPSULVLQJ H[RQ  IODQNHG E\ OR[3 VLWHV DQG WZR VHOHFWLRQPDUNHUV KHUSHV VLPSOH[ YLUXV W\SH
WK\PLGLQH NLQDVH 7. DQG SXURP\FLQ 1DFHW\OWUDQVIHUDVH 3XUR3 ) VLWHV IODQNHG WKH 3XUR3
VHOHFWLRQPDUNHU7KHNQRFNRXW .2DOOHOH VKRZQXQGHU WKH IOR[HGDOOHOH LVFKDUDFWHUL]HGE\ WKH
GHOHWLRQ RI H[RQV  7KH FRQVWLWXWLYH.2 RFFXUV E\ &UHPHGLDWHG GHOHWLRQ RI H[RQ  DQG WKH





Klk7 DOOHOH*HQRPLF'1$ IURP VHOHFWHG WLVVXHV KHDUW EUDLQ SDQFUHDV VNLQ WDLO DQGRI LVRODWHG









DJHRIZHHNVQ  '(7KHSHUFHQWDJHRI IDWPDVVDQGOHDQERG\PDVVDVGHWHUPLQHGE\
(FKR05,DWWKHHQGRIWKHVWXGLHVXQGHUFKRZDWDJHZHHNVDQG+)'FRQGLWLRQVZHHNVRI







)LJXUH +LJKHU HQHUJ\ H[SHQGLWXUH DQG IRRG LQWDNH LQ$7Klk7 FRPSDUHG WR FRQWUROPLFH
XQGHU+)'$%2[\JHQFRQVXPSWLRQ$DQGFDUERQGLR[LGHSURGXFWLRQ%RYHUDSHULRGRI
KLVVLJQLILFDQWO\KLJKHULQ$7Klk7FRPSDUHGWRFRQWURO$7Klk7PLFHQ SHUJHQRW\SH&


























































DIWHU +)' % ([SUHVVLRQ RI PparȖ Ki-67 Klf4 Fatp4 DQG vaspin P51$ ZDV H[DPLQHG E\
TXDQWLWDWLYH 573&5 Q  ([SUHVVLRQ RIUcp1 (C) DQG Pgc1Į ' P51$ ZDV H[DPLQHG E\






















Q SHU JHQRW\SH ($QDO\VLV RIPDFURSKDJHSRODUL]DWLRQ LQ HSLJRQDGDO$7:KLOH WRWDO$70
SHUFHQWDJHDQG0SRODUL]HGPDFURSKDJHVZHUHXQDIIHFWHGE\+)'LQ$7Klk7PLFHWKHQXPEHURI
DQWLLQIODPPDWRU\0SRODUL]HGPDFURSKDJHVZDV VLJQLILFDQWO\ KLJKHU FRPSDUWHG WR FRQWUROPLFH
7KLV LVDOVR UHIOHFWHGE\ WKH VLJQLILFDQWO\DOWHUHG00UDWLR$7Klk7 FRPSDUHG WRFRQWUROPLFH
Q SHUJHQRW\SH'DWDDUHSUHVHQWHGDVPHDQ6(0DQGIRUHDFKJHQHH[SUHVVLRQGLIIHUHQFHV
EHWZHHQJHQRW\SHVZHUHWHVWHGIRUVWDWLVWLFDOVLJQLILFDQFHE\DWZRWDLOHG6WXGHQWVtWHVW3ޒ
3ޒ3ޒ


)LJXUH6FKHPDWLFSUHVHQWDWLRQRIWKHFRQVHTXHQFHVRI.ONGHILFLHQF\LQDGLSRVHWLVVXHXQGHU
KLJKIDWGLHWFRQGLWLRQV

